Introduction
Nuclear polyhedrosis viruses are a genus of the family Baculoviridae (Francki et al., 1991) . Many species infect lepidopteran insects and some have potential for use as biological insecticides (Wood, 1991; Hammock et al., 1993) . Each species of baculovirus generates two forms of virion (phenotypes) during the replication cycle (Faulkner & Carstens, 1986 , Blissard & Rohrmann, 1991 . Budded virus (BV) is responsible for virus spread in tissue culture and between tissues of an infected insect. BV nucleocapsids are synthesized in the nucleus and become enveloped as they bud through the cytoplasmic membrane of the infected cell. Later in the infection cycle clusters of enveloped virions (PDV) form in the nucleus and then are occluded within a paracrystalline protein matrix or occlusion body. Occlusion bodies are released from dead insects, remain in the environment and, when fed upon by a susceptible insect, mediate the spread of infection through an insect population.
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based foreign gene expression vectors (O'Reilly et al., 1992; Kidd & Emery, 1993; Miller, 1993) . Polyhedrin is the principal structural protein of the occlusion body matrix but the role of p 10 in virus replication is unknown.
In Autographa californica multicapsid nuclear polyhedrosis virus (AcMNPV), pl0 is a non-structural protein that has 94 amino acid residues and is made in large amounts in infected cells, pl0 bodies having a twisted fibrous structure accumulate in the cytoplasm and nucleus of infected cells at late times in the infection cycle (Vlak et al., 1988; Williams et al., 1989) . Fibrillar pl0 structures seem implicated in occlusion body morphogenesis since they are associated closely with fibrous sheet structures. Fibrous sheets are thought to be precursor elements of the occlusion body calyx, a carbohydrate and protein structure that seals the external surface of the occlusion body (Gross et al., 1994) . AcMNPV and Orgyia pseudotsugata multicapsid nuclear polyhedrosis virus (OpMNPV) pl0 deletion mutants lacking some or all of the pl0 gene sequence produce occlusion bodies that have an incomplete or loosely fitting calyx (Vlak et al., 1988; Williams et al., 1989; Gross et al., 1994) and in one case produce fragile occlusion bodies that are fragmented by vigorous washing and sonication (Williams et al., 1989) . These results suggest that pl0 is involved in calyx formation or attachment and may play a role in occlusion body stability. There is conflicting evidence as to whether a calyx is present on occlusion bodies derived from infections with some pl0 deletion mutants (van al., 1993). It was suggested that in some cases visualization of the structure may be an artifact of transmission electron microscopy fixing protocols (Gross et al., 1994) . pl0 may affect virus replication in several ways and functions have been attributed to specific regions of the polypeptide. Infected cells in culture lyse rapidly at the late stages of infection, but lysis is abrogated when cells are infected with pl0 deletion mutants even though infectious PDV and occlusion bodies are produced (Williams et al., 1989) . The pl0 nuclear lysis function was localized between amino acids 52 and 79 . Cells infected with mutant viruses containing a peptide that has the N terminus of p 10 fused to fl-galactosidase contained granular pl0 structures and an aggregation function has been attributed to this part of the gene (Vlak et al., 1988; Williams et al., 1989) . p l0 is the principal component of fibrous p 10 bodies (Van der Wilk et al., 1987; Vlak et al., 1988; Williams et al., 1989) and the intact C terminus of the polypeptide was found to be essential for pl0 body accumulation . The microtubule association of pl0 has been observed and is possibly regulated by phosphorylation since when a foreign protein kinase gene was expressed in a baculovirus, phosphorylated pl0 became a microtubule-associated protein and caused cellular process formation (Cheley et al., 1992) .
The pl0 genes from AcMNPV (Kuzio et al., 1984) , OpMNPV (Leisy et al., 1986) , SeMNPV (Spodoptera exigua multicapsid nuclear polyhedrosis virus ; Zuidema et al., 1993) , BmMNPV (Bombyx mori multicapsid nuclear polyhedrosis virus; Yaozhou, 1992) and PnMNPV (Perina nuda multicapsid nuclear polyhedrosis virus ; Chou et al. 1992 ) have been sequenced and have from 2(~54% nucleotide identity; their proteins have 39-41% amino acid identity (van Oers et al., 1994) . AcMNPV pl0 is not required for infectivity of either virus phenotype (Kuzio et al., 1984; Vlak et al., 1988; Williams et al., 1989) . That the pl0 gene has been conserved through virus evolution and is produced in large quantities indicates that it performs a vital function that may not be apparent in laboratory growth conditions but could be required for survival under field conditions. Although the pl0 gene has been conserved the primary amino acid sequence of each pl0 protein shows divergence. Low sequence similarity between pl0 peptide species suggests that their function is not dependent on primary sequence characteristics and may be based on protein structure. To identify conserved domains associated with pl0 structure and function we have characterized the sequence and transcription pattern of the pl0 gene of the spruce budworm baculovirus Choristoneura fumiferana multicapsid nuclear polyhedrosis virus (CfMNPV). The CfMNPV pl0 gene codes for a protein 81 amino acids in length and is the shortest pl0 gene analysed thus far. Secondary structure analysis of CfMNPV pl0 and the amino acid sequences of other pl0 genes show that they all are likely to form amphipathic alpha-helical rod structures that condense as coiled-coil multimers. We suggest this structure plays a role in aggregation and fibrous body formation.
Methods
Virus and cell culture. Cells from the uncloned cell line Cf124T (Billimoria & Sohi, 1977) were used in experiments involving CfMNPV. Cells were grown in TC-100 medium (Gardiner & Stockdale, 1975) supplemented with 10% fetal calf serum. CfMNPV virus (Ireland strain; Kuzio & Faulkner, 1984) was used to infect tissue culture cells.
CfMNPV DNA fragments and cloning. A plasmid, pCfXbaI B, containing CfMNPV genomic DNA fragment XbaI B was described previously (Hill et al., 1993) . pCfXbaI B sub-fragments HincII-700 and HinclI-lO00 were excised from agarose gels, purified using Geneclean (Bio 101) according to the manufacturer's specifications and ligated into HincIl-digested plasmid pGEM-3zf(+).
DNA sequencing. Double-stranded DNA was sequenced using both Universal and custom synthesized oligonncleotide DNA primers using a rTSequencing kit (Pharmacia) and s~S-labelled dATP according to the manufacturer's guidelines.
RNA purification andprimer extension. Total RNA was isolated from
CfMNPV-infected cells at 24, 48, 96 and 168 h p.i. using acid guanidinium thiocyanate phenol-chloroform extraction and ethanol precipitation (Chomczynski & Sacchi, 1987) . Primer extension reactions were carried out as previously described (Geliebter, 1987 ) using a synthetic 20 mer oligonucleotide primer (5' ACATCTTGCACGG-CCGTC 3'). Protein structure analysis. Protein structure was predicted using the method of Gamier et al. (1988) . Multiple alignments were done using MACAW (multiple alignment analysis; Schuler et al., 1991) . Coiledcoil structures were predicted using the method of Lupas et al. (1991) using a window size of 28 residues as suggested by the authors. We also used a window of 22 amino acids reflective of a consensus leucine zipper motif (Lx6Lx6Lx6L) (Bairoch, 1993) .
Results
Since it had been established that the genomes of AcMNPV and CfMNPV have a collinear gene arrangement (Arif et al., 1985) , the search for the CfMNPV p l0 gene was confined to the genome segment XbaI B. The CfMNPV pl0 gene was localized by using the restriction fragment EcoR] P, which contains the AcMNPV pl0 gene, as a probe for Southern blot hybridization. Two HincII fragments (700 and 1000 bp in size) and one HindIII fragment (1700 bp in size) within CfMNPV XbaI B DNA hybridized with the AcMNPV pl0 probe. The three fragments were cloned and the ends were sequenced using universal primers. The CfMNPV pl0 gene was identified by amino acid homology with AcMNPV pl0 and was located at one end of each HincII fragment (Fig. 1) . The complete pt0 sequence was determined using custom synthesized primers and the i. An oligonucleotide complementary to the pl0 mRNA (5' ACATCTTGCACGGCCGTC 3') was end-labelled with 32p, annealed to the mRNAs and reverse transcriptase was used to produce cDNAs. The same primer was used in sequencing reactions using pCfXbaI B as a template. Following electrophoresis, primer extension products, indicating transcription initiation from two consensus baculovirus late promoters, were evident.
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cloned CfMNPV XbaI B restriction fragment as a template (Fig. 2) .
The CfMNPV pl0 open reading frame extends 243 nucleotides in the left-to-right orientation from map units 94.9-95.1 and has the potential to code for a peptide 81 amino acids in length (Figs 1 and 2) . The putative pl0 open reading frame is flanked by a poly(A) signal 151 bp downstream of the translation stop signal (double underlined in Fig. 2 ) and two consensus late promoter sequences (TAAG: shaded in Fig. 2) (Blissard & Rohrmann, 1991) found 24 and 54 bp upstream of the start codon. A portion of the CfMNPV p26 homologue (Liu et al., 1986; Bicknell et al., 1987) was located upstream and in the same orientation as the CfMNPV p 10 gene.
Transcription analysis
Transcription of the CfMNPV pl0 gene in Cf124t cells was analysed by primer extension (Fig. 3) . Transcription was first detected 48 h p.i. and reached maximum intensity by 96 h p.i. Transcription was initiated at two late promoter elements (TAAG) located 24 and 54 bp upstream from the methionine start codon. Transcription from both late sites was observed at 48 h p.i. At 96 h p.i. transcription from the proximal TAAG had decreased and transcription from the distal start site had increased. Transcription from the distal site continued up to the last time point at 156 h p.i. A minor virus-specific transcript was detected at 48, 96 and 168 h p.i. and started from a CAATTT element 15 bp upstream from the pl0 start site.
Amino acid analysis and multiple alignment
CfMNPV pl0 protein had the shortest length (81 amino acids) when compared with the other p 10 protein species, which ranged from 88-94 amino acids in length. Multiple alignment of the proteins (Fig. 4) indicated that CfMNPV pl0 lacked a 10-12 amino acid variable region seen near the C terminus of each of the other peptides.
MACAW was used to identify statistically significant amino acid sequence motifs common to all six p 10 amino acid sequences (Karlin & Altschul, 1990; Schuler et al., 1991) (Fig. 4) . The first aligned domain (Fig. 4 , coiledcoil) (MP score of 118.8; significance 1 x 10 -999) corresponded to the N-terminal aggregation region and part of the domain reported to function in nuclear dissociation . A second block (Fig. 4, basic) that had a smaller MP score (15.2) and was only marginally significant (11 x 10 -4) corresponded to the basic C-terminal residues that are essential for pl0 fibrillar structure formation .
Visual inspection revealed clusters of proline residues: some in the variable (Fig. 4, variable) portion of the pl0 C termini; others in the C-terminal segment of the aligned N-terminal block. The proline-rich region was searched independently for alignments and 16 different blocks, four to six residues in length (MP scores 17-22"9; significance 2-1 x 10-6-4.3 x 10 -12) were found. The amino acids present in the 16 blocks are underlined in Fig. 4 (proline-rich) . This domain is located in the region found to be involved in nuclear dissociation and electrondense spacer binding . Fig. 4 . Multiple alignment ofpl0 sequences from AcMNPV, BmMNPV, CfMNPV, OpMNPV, PnMNPV and SeMNPV and split helix representation of the alpha-helical coiled-coil domain. The amino acid sequences were aligned using the Segment Pair Overlap method (Karlin & Altschul, 1990) within MACAW (Schuler et al., 1991) . Upper-case amino acids represent aligned (linked) domains; lowercase amino acids represent unaligned sequences; gaps between linked domains are shown as dashes. Underlined amino acids represent the proline-rich domain and are those present in any of the 16 aligned proline-rich domains identified by MACAW analysis. The predicted alpha-helical coiled-coil domain of each p 10 is shown as a split helix. Hydrophobic amino acids are boxed, and potential helix breakers (prolines and glycines) are enclosed in a diamond. The shaded box highlights the potential loop or bend domain. Bars above the amino acid sequences represent secondary structure predictions using the method of Garnier et al. (1978) and indicate a likelihood of forming an alpha helix, beta sheet, random coil or turn. A composite figure (Consensus) shows the helical and amphipathic nature of the aggregation (coiled-coil) domain. If a hydrophobic residue (leucine, isoleucine or valine) occurs once in four out of the six pl0 sequences that position has been boxed. The spatial arrangement of the boxed residues defines the predicted hydrophobic faces of the coiled-coils (Conway & Parry, 1990) . Residues of the seven sets of heptad repeats in the aggregation domain are indicated using the standard a-g notation (Lupas et al,, 1991) . A three amino acid stagger is evident after the fourth heptad (three dashes) and in conjunction with the presence of helix-breaking residues is indicative of a hinge region in the coiled-coil structure (shaded). Graph showing the coiled-coil probability at each amino acid position of pl0 sequences. The vertical scale is the coiled-coil probability between 0 and 1 and the horizontal scale shows the amino acid number. (a) Predictions based on a 28 residue window as described by Lupas et al. (1991) . (b) Prediction using a 22 residue window reflecting a consensus motif for leucine zippers (Lx6Lx6Lx~L).
Structure prediction
Overall, secondary structure predictions varied for the pl0 proteins (Fig. 4) . The predictive analysis (Garnier et al., 1988 ) is based on well characterized secondary structures and on the influence of neighbouring amino acids. The pl0 protein of OpMNPV displayed an alphahelical structure extending through 78 amino acids from the N terminus of the peptide. In the other pl0 proteins proline and glycine residues located near the centre of the predicted helical region disrupted the alpha-helical structure (outlined with a diamond in Fig. 4) . The alpha-helical N terminus of each p 10 peptide was predicted to be strongly amphipathic. The hydrophobic moment quantitatively describes the asymmetry of residue hydrophobicities across an alpha helix (Luthy & Eisenberg, 1991) and was calculated for each pl0 peptide using Fourier transformation (Eisenberg et al., 1984 (Eisenberg et al., , 1989 and considering only the strength of the hydrophobic vector (Table 1 ). The hydrophobic moment values for each pl0 peptide were in the order of three standard deviations (Z scores) above the mean score determined for a total of 212 randomized sequences having the same amino acid composition.
Coiled-coil prediction
Visual inspection of the alpha-helical region revealed a repeating pattern of non-polar residues in pl0 proteins considered to be characteristic of a coiled-coil protein (Fig. 4) (Cohen & Parry, 1994) . Coiled-coil proteins have a characteristic repeating seven amino acid pattern (termed positions a-g) which form strongly amphipathic alpha helices (Conway & Parry, 1990 , 1991 Lupas et al., 1991) . The first and fourth residues in each heptad unit (positions a and d) are hydrophobic (Fig. 4) and within an alpha-helical structure align on one helix face. Two or three amphipathic helices form a supercoiled helix or coiled-coil by packing the hydrophobic amino acids into a central core. Each pl0 protein contained seven consensus heptad repeats. The amino acids that make up the predicted alpha-helical domains are shown in a lengthwise representation of a split helix in Fig. 4 . Hydrophobic residues (valine, leucine and isoleucine; shown in Fig. 4 with a square outline) are located in a line down one face of the helix and represent residues in positions a and d of the heptad repeats. A conserved three residue skip (residues not included in a heptad repeat) after four heptads (Fig. 4) changed the phasing of the a-g heptad repeats but since they conform to approximately one turn of the alpha-helix this may not represent a break in the coiled-coil structure (Beavil et al., 1992) .
In addition to visual inspection, an algorithm designed to identify coiled-coil proteins (Lupas et al., 1991) gave output consistent with pl0 having a domain that forms a coiled-coil (Fig. 5) . This program predicts coiled-coil probability by scoring amino acids at each position of the heptad repeat unit, not only those that make up the hydrophobic core, and therefore gives a more accurate prediction than visual inspection alone. When the program was implemented as suggested by the authors to search for four repeated heptads (28 amino acid window), each of the six p 10 proteins was predicted to have coiledcoil domains (Fig. 5a ). The pl0 amino acid sequences from OpMNPV and PnMNPV were predicted to have a coiled-coil throughout the seven sets of heptad repeats region but the presence of helix-breaking residues in the other pl0 protein sequences had a notable effect on the prediction and coiled-coil likelihood declined at proline residues located after four heptads.
The coiled-coil prediction was repeated using a 22 amino acid moving window (Fig. 5b) instead of a 28 amino acid window. The rationale for this was based on the standard motif for a leucine zipper (Lx6Lx6Lx6L; Bairoch, 1993) . This resulted in an extension of the predicted coiled-coil domain to include all seven sets of heptads of the CfMNPV pl0 sequence although a dip in the coiled-coil likelihood was seen after four heptads.
Discussion
The pl0 gene is located between 94.9 and 95.1 map units on the CfMNPV genome (Fig. 1) . The gene order in this region of the CfMNPV genome is similar to that found in AcMNPV, OpMNPV and SeMNPV (Kuzio et al., 1989; Leisy et al., 1986; Zuidema et at., 1993) . pl0 is flanked by genes for p26 upstream and in the same orientation (Bicknell et al., 1987) and genes for p74 downstream and in the opposite orientation (Hill et al., 1993) . In AcMNPV the pl0 and p74 reading frames are separated by 11 nucleotides (Kuzio et al., 1989) . In CfMNPV the start codon of pl0 and the stop codon of p74 are flush (Fig. 2) .
Baculovirus genes are transcribed in a temporal cascade of four classes (Kool & Vlak, 1993) . Immediate early and delayed early transcripts are produced before DNA replication and late and very late hyper-expressed genes are expressed after DNA replication. Late and very late transcription initiates from consensus TAAG promoter sequences (Blissard & Rohrmann, 1991) . CfMNPV pl0 transcription initiated from two late transcription initiation sites which are regulated differentially; one located 24 and the other 54 bp upstream of the translation start codon (Fig. 3) . Transcription initiation from both promoters was apparent at 48 h p.i., but from 96-156 h p.i. transcription from the proximal promoter increased and transcription from the distal promoter decreased. The transcription pattern from the distal promoter is consistent with that of a very late hyper-expressed gene since levels remained high throughout the infection cycle (Kool & Vlak, 1993) .
Transcription of a late baculovirus gene from differentially regulated tandem late promoters has not been observed in other baculovirus genes. The gp64 gene of OpMNPV is transcribed from tandem TAAG motifs but in this case the promoters have identical temporal expression patterns (Blissard & Rohrmann, 1989) . Transcription of temporally regulated sets of overlapping 3" co-terminal mRNA is not uncommon in baculovirus genome regions that contain tandem genes but has not been found to occur within a single gene. Promoter occlusion, by steric hindrance caused by transcription from an upstream promoter, was proposed as a possible mechanism for temporal switching between the promoters of tandem genes (Friesen & Miller, 1985) and has been demonstrated to occur between promoters in the polyhedron envelope protein gene region of OpMNPV (Gross & Rohrmann, 1993) . Preferential transcription from the distal CfMNPV p 10 promoter element at very late times could have been a result of promoter occlusion and the distal site being in a better context for very late transcription.
When compared with other pl0 protein sequences, that of CfMNPV is most similar to OpMNPV pl0 (63 % similarity and 50.6% identity) and least similar to SeMNPV pl0 (55"0% similarity and 37-5% identity) (van Oers et al., 1994) . The CfMNPV pl0 open reading frame has the potential to code for an 81 amino acid polypeptide and is the shortest reported pl0 protein.
Multiple alignment (Fig. 4) indicated that non-conserved amino acids near the C terminus of the peptide are absent.
Three conserved sequence domains were identified in the pl0 protein sequences: an N-terminal coiled-coil domain; a basic domain located at the C terminus that is essential for pl0 fibrous body formation ; and a proline-rich domain. A high concentration of proline residues is frequently observed in flexible regions of proteins (Richardson & Richardson, 1989) . The sequence of the proline-rich domain was used in a search of the sequences in the GenBank database using BLAST and was found to be similar to a proline-rich domain of a group B Streptococcus IgA receptor protein that is thought to span the cell wall and carbohydrate capsule (Heden et al., 1991) . In AcMNPV pl0, the proline-rich region is located within a domain that may function in binding electron-dense spacers (Vlak et al., 1988; Williams et al., 1989; van Oers et al., 1993) which are thought to be precursors of the carbohydrate-rich polyhedral calyx that covers the mature occlusion body (Minion et al., 1979; Vlak et al., 1988; Williams et al., 1989) . Although sequence similarity between the domains in the IgA receptor and pl0 is limited both regions are associated with carbohydrate structures, indicating that the domain may have a natural affinity for carbohydrate-rich structural elements.
The conserved N-terminal domain of each p 10 species was predicted to form a coiled-coil structure. Coiledcoils are oligomers formed from alpha helices aligned in parallel (both C termini at one end) and in register (no overhang) (Cohen & Parry, 1994) . Proteins that form coiled-coils have a repeating seven residue pattern of hydrophobic and hydrophilic residues (termed positions a-g) where residues at positions a and d are generally hydrophobic. The hydrophobic residues stack along one face of an amphipathic alpha helix (Conway & Parry, 1990 , 1991 and form a central core at the oligomerization interface. The predicted coiled-coil domain in each p 10 protein sequence contained seven sets of heptad repeat elements (Fig. 4) , was found to form an amphipathic helix (Table 1 ) and, using the predictive method of Lupas et al. (1991) , had high coiled-coil potential (Fig. 5) . It is also possible that pl0 forms another type of alpha-helical bundle, such as an antiparallel coiled-coil or an amphipathic helix bundle, that shares similar structural requirements with coiledcoils (Lupas et al., 1991) .
The central region of the coiled-coil domain of each pl0 amino acid sequence contains a domain with low alpha helix and coiled-coil stability (Figs 4 and 5) that could form either a loop or a bend in the alpha-helical rod. A potential loop (Fig. 4) was identified in each pl0 peptide sequence by the presence of helix-breaking residues (glycine and proline) and three residues not included in the coiled-coil heptad repeat units (skip residues ; Beavil et al., 1992) . The amino acid sequences of certain pl0 loops (CfMNPV pl0 loop GKVQP; BmMNPV pl0 loop GLEESFQP) resemble the loop locus of seryl-tRNA synthetase (GEDIEP), a protein that forms an intra-molecular antiparallel coiled-coil (Cusack et al., 1990) , in that they begin with glycine, a residue that is a known helix terminator, and end with proline, asparagine, aspartic acid, serine or threonine, helix initiators (Richardson & Richardson, 1989) . A loop at the centre of the coiled-coil domain allows for the possibility that pl0 folds into an antiparallel coiled-coil hairpin. However, the potential loop is not conserved in all pl0 sequences, pl0 from OpMNPV does not appear to have a loop and was predicted to form a continuous helix throughout the coiled-coil domain.
Alternatively, the central proline and glycine residues may form a bend or a non-helical linker in the alphahelical region of pl0. If this is the case then pl0 could form a bent helical rod which is able to form coiled-coil multimers. Keratin, a coiled-coil protein, has non-helical linkers located between its coiled-coil domains. The linkers contain proline and glycine residues but do not disrupt coiled-coil aggregation (Letai et al., 1992) . A lowered coiled-coil probability score at the central region of CfMNPV pl0 (Fig. 5b ) may also indicate a nonhelical linker since a similar region of low coiled-coil potential identified a bend within the myosin coiled-coil rod. These data suggest that pl0 forms a bent helical rod structure capable of parallel or anti-parallel coiled-coil oligomerization.
Coiled-coil proteins form dimers, tetramers and possibly octamers (Stewart, 1993) and thus formation of pl0 coiled-coil oligomers is consistent with the proposed aggregation function for this domain (Vlak et al., 1988; Williams et al., 1989) . pl0 is a major component of fibrillar structures in the nucleus and cytoplasm of infected cells (Van der Wilk et al., 1987; Vlak et al., 1988; Williams et al., 1989) . pl0 coiled-coil aggregates are potential precursors of pl0 fibrous structures since other fibrous proteins, such as intermediate filaments and myosin, form through higher order association of coiled-coil aggregates. The intermediate filament lamin, which forms a fibrous network on the interior surface of the nuclear membrane, is formed from lamin coiled-coil dimers in a multistep process (Nigg, 1992; Dessev, 1992) that is dependent on a region of the protein that is not part of the coiled-coil rod, the N-and C-terminal non-helical domains (Moir et al., 1991) . This is consistent with pl0 assembly since a conserved domain on the non-helical C terminus of pl0 is essential for fibrous body accumulation in AcMNPVinfected cells . Although pl0 proteins are much smaller than intermediate filament proteins which range from 40-135 kDa, pl0 filaments may assemble using a similar mechanism. pl0 polypeptide sequences have diverged through evolution but the proteins have retained a common structure, pl0 forms a coiled-coil structure as indicated by the presence of a characteristic heptad repeat pattern and the results of a coiled-coil prediction algorithm, pl0 either folds into a coiled-coil anti-parallel hairpin structure or alternatively could form an alpha-helical coiled-coil oligomeric rod with a central non-helical linker or bend. Oligomerization of pl0 could be as dimers, trimers or tetramers and may occur in a parallel or anti-parallel arrangement, in-register or staggered. By analogy with other fibrous proteins coiled-coil oligomerization may be a first step toward pl0 fibrous body formation.
